In this work the thermal stability of four ionic liquids (ILs) derived from N-ethyl-N-(2-hidroxyethyl)-N,N-dimethylammonium and N,N-di-(2-hidroxyethyl)-N-ethyl-N- For this proposal, a thermogravimetric analyzer, TGA 7-Perkin Elmer, was used in dynamic mode from 100 ºC to 800 ºC at 10 ºC/min under dry air atmosphere. Air atmosphere was chosen because it is more realistic to predict the stabilities in real applications such as lubrication systems or thermal fluids, which are nowadays between the main applications of ILs. From the ILs TG curves, the onset temperatures (T onset ) were determined, as well as the loss of mass at these T onset . In all cases significant decomposition was detected at lower temperatures than T onset , meaning that the true IL stability is lower than that provided by the dynamic TG. Isothermal studies at lower temperatures than T onset were then carried out to estimate the long-term thermal stabilities at different temperatures.
Introduction
Increasing interest is well known in the use of ionic liquids (ILs) in the energy sector, specifically in the area of renewable energy, as electrolytes for solar cells, fuel cells, heat transfer fluids, lubricants or lubricant additives of wind turbines [Fernández et al. 2007 ].
The development of ILs for several of these applications requires the previous knowledge of their thermophysical properties. Taking into account that in these and other potential uses, ILs can be subjected to high temperatures and long-time exposures, their thermal stability is an essential property when selecting the most suitable one for each application. Thermal stability of ILs is affected by many parameters, e.g., the cation and anion type, structural modifications of the cation (alkyl chain length, different functionalities in the alkyl chain) and impurities (water, chlorides, etc.) [Fox et al. 2003; Salgado et al. 2013; Verdía et al. 2013] . As is well known, the anion is the most relevant moiety in the IL thermal stability. To date, onset decomposition temperature (T onset ) of ILs has been determined using the scanning thermogravimetric analysis (TGA) method. Nevertheless, in recent years, the definitions of stability and of the maximum operation temperature for ILs remain an open question [Siedlecka et al. 2011] . Most of the thermal stability studies were performed using thermogravimetric (TG) analysis at a single linear heating rate in inert atmosphere, but due to the scanning nature of the experiment, the decomposition temperatures obtained from these experiments, often overestimated the long term thermal stabilities of the ILs. This fact indicates that the degradation of the ionic liquid starts at lower temperatures than that determined from these dynamic methods, as numerous authors have pointed out during the last decade (Kosmulski et al 2004; Salgado et al 2013) . Nevertheless, this parameter can be used as a relative parameter of thermal stability, but never as the top limit of temperature in a particular application. Isothermal studies have shown that the ILs exhibit appreciable decomposition at temperatures significantly lower than those determined from scanning TG experiments [Kolsmulki et al. 2004; Kamavaram and Reedy 2008; Salgado et al. 2013] . With the aim of characterizing the cation and anion effect, in this work the thermal stability of four ILs was analysed. The cations of these ILs are derived from N-ethyl-N-(2-hidroxyethyl 
Materials and Methods
The cations and anions structures of the four investigated ILs are shown in Figure 1 . Their synthesis (Scheme 1) was carried out by a treatment of the appropriate tertiary amine (1 or 2) with ethyl bromide followed by a neutralization reaction to afford triflates 5 and 6, or a metathesis reaction to afford the ILs derived from the bis(trifluoromethanesulfonyl)imide anion (7 and 8). All ILs were synthesized with an overall yield around 90 %; their structures were determined by 1 H NMR, 13 C NMR and ESI-HRMS. TG analysis was carried out in air atmosphere using a thermogravimetric analyzer, TGA7-Perkin Elmer. The experiments were made using two operation modes. Firstly dynamic scans were performed in the interval of temperature from 100 ºC to 800 ºC, using a scanning rate of 10 ºC/min, with a gas flow of 20 cm 3 /min. From these experiments, onset temperatures (T onset ) were determined directly from the dynamic curves (Salgado et al. 2013 ).
On the other hand, isothermal TG analysis under air atmosphere was used to determine the long-term thermal stability of the ILs. The temperatures selected for isothermal scans were lower than onset temperature.
Finally, the times corresponding to the 2%, 5% and 10% weight loss (t 2% , t 5% and t 10% , respectively) were determined from these isothermal scans. 
Results and Discussion
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Isothermal scans
Several isothermal experiments were carried out at different temperatures, lower than onset ones. Figure 5 shows the TG curves of the four ILs at 300 ºC. The thermal stability sequence is the same that the corresponding to the dynamic studies.
[ We should emphasize the importance of the isothermal scans for the high-temperature applications, due to the fact that significant mass losses are produced at temperatures lower than the T onset , (Fig. 5) . Although the thermal behavior of these ILs seems to be different, it is important to note that these dissimilarities are present only during the first part of the experiments (first 15 min) and after that the slope of the degradation curve is similar. This behavior reflects that in spite of the fact that the capacity of water capture
of these ILs is very different, its thermal stability is very similar, though, in any case, lower than that determined from dynamic TG.
Additionally, the IL [Cation 1][NTf 2 ] was selected to perform a deeper isothermal study; scans at seven temperatures lower than the corresponding T onset were carried out (see Figure 6 ) It can be observed a fast degradation at 365 ºC, being necessary less than two hours to total degrade the IL, while at lower temperatures, thermal degradation of ILs is hardly appreciable. Up to now, a clear criterion to evaluate the degradation level allowed for the different ILs applications does not exist (Salgado et al. 2013 Figure 6 ) and presented in Table 1 . 
Conclusions
The thermal stability of four ionic liquids ( Finally, it is interesting to emphasize the high reliability of the information provided by isothermal studies; the IL [Cation 1][NTf 2 ], whose T onset is higher than 400 º C, shows total degradation after being 100 min at 365 ºC. Using the criterion of 10% loss in 10 h for the present isothermal studies, the maximum temperature of operation for this IL should not exceed 250 ºC.
